In this study, water-soluble semiconductor quantum dots (QDs) showing induced circularly polarized luminescence (CPL) in an organic-inorganic coassembled hydrogel were demonstrated. Achiral QDs could be encapsulated into a chiral peptide dendron hydrogel through cogelation. These cogels displayed intense induced circularly polarized emission. In addition, the direction of the CPL property of QD cogels could be regulated by the supramolecular chirality of hydrogels. Our findings reveal that the emergence of CPL achiral QDs can be triggered by the chirality transfer in a multiple-component dendron hydrogel system. This study has given a new understanding into the design of functional chiroptical materials.
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Chiroptical materials showing circularly polarized luminescence (CPL) have been attracting increasing attention due to their great potentials in various research elds from optical science to biology. [1] [2] [3] [4] [5] The development of novel and highly efficient CPL-active materials is an urgent issue in chiral science. For achieving CPL-active materials, great interest has been generated in the construction of chiral and emissive center structures. [6] [7] [8] Generally, the following two approaches for fabricating CPL-active materials are commonly used. One is introducing a chiral center to emitters, including organic molecules, [8] [9] [10] [11] [12] metal-organic complexes, 13 crystals, 14,15 and nano-/micro-structures, [16] [17] [18] [19] [20] [21] which involves tedious synthesis. Another pathway can be called the "guest-host" mode. Achiral emitters can be encapsulated into a chiral matrix, which can display induced CPL. The latter approach is more convenient for the design of CPL-active materials with tunable CPL intensities and wavelengths since luminescent species and chiral hosts can have a variety of combinations. To date, most of the reported CPL-active inorganic materials 22, 23 have been fabricated through this approach.
Although the method to obtain CPL-active materials is no longer one of the novel issues, most of the materials are obtained from the organic phase, which goes against the principles of cost reduction and green chemistry. [22] [23] [24] [25] Hence, developing biocompatible CPL-active materials in an aqueous phase is necessary for practical applications [26] [27] [28] [29] [30] [31] [32] and further understanding of chiral optics in biological systems. 4, 5, 33, 34 Herein, we report a general method to achieve CPL-active hydrogels with various emission wavelengths simply by blending achiral chalcogenide semiconductor quantum dots (QDs) with an amphiphilic peptide dendron. It has been reported that CPL-active QDs can be obtained by modifying achiral QDs with chiral capping reagents. 35, 36 However, to date, only chiral cysteine has been used as the capping reagent because of strong conjugating ability of the thiol group. The only example of CPL-active QDs fabricated without cysteine was achieved by loading quantum dots with a chiral cavity of a protein nanocage. It was argued that the QDs in this protein nanocage exhibited a chiral crystal arrangement that led to CPL activity. 37 Although this approach is useful, the synthesis or selection of an appropriate chiral host matrix involves an immense amount of time and effort. It is desired to develop a more straightforward approach for obtaining CPL-active QDs with various colours and sizes in aqueous solutions via a simple blending method. In this study, we show a simple and versatile methodology to achieve stable circularly polarized emission in supramolecular hydrogel via QD-peptide dendron co-assembly.
As a proof of concept, we improved the gelatinization ability in water by extending the length of alkyl chain of a welldemonstrated peptide dendron hydrogelator. (Fig. 1a) . The co-assembled hydrogels showed strong photoluminescence and intense circularly polarized emission.
Here, a convergent method (Fig. S1 , ESI †) was employed to synthesize two enantiopure hydrogelators (L-BGAc and D-BGAc) used in this study. BGAc can form a transparent hydrogel immediately aer a heating-cooling treatment. For cogel fabrication, experimentally, an aqueous solution of QDs was added into an aqueous dispersion of BGAc. The mixture was heated to 90 C until the solids were completely dissolved. Aer cooling to room temperature, it could stand for one hour to obtain a hydrogel doped with different QDs (Fig. 1b) . Under UV 365 nm irradiation, the obtained hydrogel exhibited bright luminescence in ve colors from blue to red (Fig. 1c) , and the corresponding luminescence spectra are shown in Fig. 1d . The luminescence spectra of the hydrogels showed an identical shape compared with the one obtained from QD aqueous solution (Fig. S2 , ESI †), which indicated that the emissive properties of QDs in cogels were well preserved. Notably, all the obtained hydrogels with various emissive QDs showed strong CPL emission. Some special features are given below for the CPL properties in this QD-doped gel. Intense mirror-image CPL spectra could be generated for the cogels, which were regulated by the chirality of hydrogelators. A positive CPL signal was observed in QDs/D-BGAc samples, whereas a negative signal was obtained in cogels of QDs/L-BGAc samples. For instance, strong mirror-image CPL (Fig. S4 , ESI †) was exhibited by the cyan QDs in the cogel, corresponding to the gelator of opposite molecular chirality. As shown in Fig. 1e , CPL spectra of various cogels exhibited signals with different handedness from 400 to 750 nm, enabling circularly polarized emission covering the full range of visible light.
The magnitude of CPL can be evaluated by the luminescence dissymmetry factor (g lum ), which is dened as
, where I L and I R refer to the intensities of le-handed and right-handed circularly polarized light, respectively.
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Experimentally, CPL was measured using a JASCO CPL-200 spectrometer, and the value of g lum was obtained as g lum ¼ 2 Â [ellipticity/(32 980/ln10)]/total uorescence intensity at the CPL extremum. The calculated value of the dissymmetry factor |g lum | of the CPL signal was from 10 À2 to 10 À3 (Table S1 , ESI †), whereas a maximum value was observed in the green QD sample under 360 nm laser (3.26 Â 10 À2 ), which is a remarkable value than that observed for other inorganic nanomaterials such as cysteine-capped CdSe nanoparticles. 35 In addition, supramolecular assembly was obtained through simple blending without tedious inorganic synthesis.
To investigate the microstructures, atomic force microscopy (AFM) and transmission electron microscopy (TEM) were used to examine the dried xerogel. Fig. 2 exhibits the nanostructures from BGAc hydrogel and cogel of BGAc with QDs. As shown in Fig. 2a and b , BGAc was found to form brous structures in water with long ber structures. To further check the characteristics of these brous microstructures, TEM was applied. As shown in Fig. 2c and d, TEM negative stain images conrmed that the 1D structure of assemblies was typically a solid brous structure. This is completely different from the observations for the analogue hydrogelator that has a relatively short alkyl chain. Very thin nanotube structures could be observed in the hydrogel formed by short chain gelators. 38 Slight changes in the molecular structure resulted in completely different assembled structures (Fig. S5, ESI †) . In this study, aer blending with QDs, a similar nanober structure was retained. It should be noted that since rare QDs and nanotubes do not exhibit a pure homogeneous system, some slight aggregation of QDs can be found in this sample. However, the assembled QDs obtain the chirality from the chiral nanober. Hence, based on previous studies, 23, 35, 36 there were two conjectures of the induced CPL in the cogels. First, one reason for the chirality of QDs is the chiral arrangement of QDs induced by self-assembled chiral networks. Second, the assembled peptide dendron can endow chirality to the QDs through ligand-exchange with mercaptoethylamine on the surface of the QDs in water.
To verify the above two conjectures, the CPL properties of the disassembled state of the QDs/gelator complex were tested. Upon heating to about 90 C, the compound of 0.2 mg mL
À1
QDs and 6 mg mL À1 BGAc could be dissolved in water. Using 360 nm excitation, the mixture solution exhibited strong emission, but no CPL signal was observed (Fig. 3a) . The obtained cogel was a thermo-responsive gel, which could be heated to solution state again around 50 C. The amount of doped QDs was kept at 0.2 mg mL À1 , which is a maximum value. The cogel could be destroyed if excess QDs were added to the cogel. The gel-sol transition temperature of the cogel was almost the same as that of pure hydrogel. There was no clear effect of such a process on the size of QDs. The result seems to be consistent with the above hypothesis. This can be further conrmed by circular dichroism (CD) testing. Aer addition of QDs to the hydrogel, it is expected that the CD signal of QDs can conrm chiral arrangement of QDs. However, due to weak absorption (Fig. S3 , ESI †), no CD signal of QDs was obtained, as veried by the mirror-image CD spectra in Fig. 3b . Fortunately, it was observed that the intensity of CD signal around 212 nm, for the absorption band of hydrogel, decreased aer QDs were added. These changes clearly indicated that the b-sheet conformation of assembly in the part of the amide group was destroyed 38,40-42 because of the interaction between carboxyl groups and ligands of QDs.
The interaction between QDs and gelator could be further examined via X-ray diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy, as illustrated in Fig. 4a and b, respectively. According to XRD analysis, the nanober showed a strong single diffraction peak at 2.143 , which corresponded to the distance of 41.19Å. By considering the molecular structure using space-lling models (CPK model), the molecular length of BGAc was estimated to be 32Å. The d-spacing value was between one and two layers of molecular thickness, which indicated that the peptide dendron molecules formed a partially overlapping bilayer structure. 38 More interestingly, aer forming the cogel, a strong single diffraction peak at 1.909 was observed in the XRD pattern in the small-angle region, corresponding to a d-spacing value of 46.24Å; this suggested that the BGAc molecules wrapped around QDs resulted in the reduction of the hydrogen bonds in the brous assemblies, which in turn could expand the layer spacing of the bilayer, as shown in Fig. 4c . The XRD pattern indicated that aer forming the cogel with QDs, the well-ordered structure was almost the same as that of pure hydrogel. The existence of molecular interactions between the QDs and the gelator was investigated by FTIR analysis. For BGAc and QDs/BGAc xerogels, the occurrence of n C]O bands at 1724 cm À1 and 1711 cm À1 , respectively, indicated that the interaction formed by the -COOH groups contains both lateral inter-and intra-molecular H-bonds, which is conrmed by the peak at 3072 cm À1 . 43 Meanwhile, the xerogels from BGAc with an aqueous solution of QDs were also studied. 43, 47 which agreed with the formation of atypical b-sheets (Fig. S6, ESI †) . Thus, since hydrogen bonding and electrostatic interactions between aminoethanethiol-capped CdSe/ ZnS QDs and the carboxylic groups of the gelator played signicant roles, the co-assembly behaviour of the CPL-active hydrogel obtained by chiral arrangement of QDs could be further considered.
Conclusions
CPL-active hydrogels were successfully prepared by supramolecular self-assembly of achiral QDs and chiral peptide dendron gelators. Various achiral QDs were encapsulated into the peptide dendron hydrogels during the process of co-assembly, enabling the emission of induced CPL with a large range of wavelength from blue to red. The chiral arrangement of doped QDs played a signicant role for the induced CPL. The direction of induced CPL signal can be tailored by the chirality of peptide dendron. To develop biocompatible CPL-active materials, supramolecular cogelation of achiral inorganic emissive nanomaterials and a chiral gelator can afford a novel idea for obtaining potential applications for functional chiroptical materials.
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